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(57) The present invention relates to an H -section 
used as a member for building structures, and in partic- 
ular, is a rolled H -section having uniform microstructures 
and uniform mechanical properties, and a method of 
producing the same, characterized in that: the micro- 
structures satisfy any one or more of the following con- 
ditions on the basis of a t/4 flange portion in a cross 
section of said H-section: 

1 ) the deviations of the average grain sizes of f errite 
in the microstructures of a 1/2 flange portion and a 
fillet portion from that of the 1/4 flange portion are 
within ± 15% thereof, 

2) the deviation of the average grain size of ferrite 
in the microstructure of a 1/2 web portion from that 
of the 1/4 flange portion is within ± 15% thereof, 

3) the deviations of the average rates of pearlite in 
the microstructures of a 1/2 flange portion and the 
fillet portion from that of the 1/4 flange portion are 
within ± 8% thereof, and 

4) the deviation of the average rate of pearlite in the 
microstructure of a 1/2 web portion from that of the 
1/4 flange portion is within ± 8% thereof. 
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Description 

Technical Field 

5 [0001] The present invention relates to an H-section used as a member for building structures and, in particular, to 
a rolled H-section having uniform microstructures and uniform mechanical properties, and to a method of producing 
the rolled H-section. 

Background Art 

10 

[0002] The cross-sectional dimensions of section steels, for example H-sections, produced by hot rolling greatly vary 
depending on the sizes of products, and there may be cases where the amounts of rolling reduction at the time of 
rolling and temperature histories during and after the rolling greatly vary depending on positions in a cross section. 
With respect to an H-section in particular, a 1/2 flange portion (hereinafter referred to as a fillet portion) within a flange 

is portion, at which the flange and a web are joined together, is characterized in that the amount of strain caused by 
rolling is small as compared with the other portions of the flange and, in addition to that, this portion is forcedly worked 
in a high temperature range. As a result of this, within the very same member, microstructural disparities are generated 
among different positions in a cross section of a flange portion thereof. These microstructural disparities have an 
influence on mechanical properties such as strength and toughness and, more specifically, constitute a main factor in 

20 decreasing the strength and toughness of a fillet portion. Such disparities in material quality within a cross section tend 
to stand out in the case of a targe size and a thick wall size, and tend to stand out in the case of a heavy building 
structure using such H-sections. 

[0003] To cope with the problems mentioned above, the prescribed values of mechanical properties such as strength 
and toughness have so far been assured by making up for decreases in the strength and toughness of a fillet portion, 

25 that is the weakest portion, by a method of increasing the addition amount of alloy or the like. In such a case, the 
mechanical properties of portions other than a fillet portion are superior to those of the fillet portion and are distributed 
at a level sufficient to satisfy the prescribed values; however, there is a case where a member having disparities in 
material quality within a cross section of a flange portion is inappropriate for use in a stricter steel structure design. 
That is to say, a problem arising in a case where an accidental large load is imposed on such a member is that cracks 

30 originate in a fillet portion. When a conventional H-section is used as a member of a structure designed to be earth- 
quake-proof, for example, there is a danger that, when a large earthquake happens, a collapse pattern unpredictable 
at a designing stage may occur due to disparities in material quality generated within a cross section of the member. 
[0004] In the meantime, to employ production conditions, such as alloys, processes and the like, for assuring the 
mechanical properties of a fillet portion, namely the weakest portion, results in the excessive assurance of the me- 

35 chanical properties of the other cross-sectional positions in excess of their prescribed lower limits. Then, the excessive 
assurance produces the problems of inefficiency and lack of economy entailing an unnecessary price increase of a 
steel material. Besides, another problem here is that a flange portion and a web portion are different from each other 
in their microstructures because there are differences between the two in their reduction ratios and rolling temperature 
histories. Accordingly, it is essential to decrease the disparities in material quality within a cross section in order to 

40 more economically produce H-sections of the same specifications. 

[0005] As a technology of producing an H-section having more uniform mechanical properties in view of the above 
described problems, envisaged is a production method of combining controlled rolling with accelerated cooling by 
cooling the outside surface of a flange with water, as disclosed in Japanese Unexamined Patent Publication No. 
H6-228634 for example. By this technology, it is possible to bring the rolling temperature history of a 1/4 flange and 

^5 that of a fillet close to each other and to uniformalize the mechanical properties in a cross section of the flange portion 
by adjusting the water distribution in the width direction on the outside surface of the flange, namely, by convergently 
cooling with water the vicinity of the center of the flange width, which corresponds to the fillet, but it is difficult to 
uniformalize the microstructures and to sufficiently suppress disparities in strength by controlling the temperature dis- 
tribution over the entire cross section including a web before the start of the water cooling and during the water cooling 

50 only using water cooling. 

[0006] Further, envisaged is a method of controlling microstructures by making use of the introduction of working 
strain caused by a large-reduction rolling in a rolling stage and subsequent recuperation and recrystallization phenom- 
ena. However, in the case of rolling H-sections, it has so far been impossible to uniformalize the microstructures be- 
cause of the restrictions on their production as it is shown hereafter. 

55 [0007] The production processes of an H-section consists of a breakdown process for rolling a heated cast steel into 
an H-shaped rough form (hereinafter referred to as a rough formed cast steel) and intermediate and finish rolling 
processes for forming it into a product having prescribed sizes in thickness, width and height. According to a conven- 
tional production method, a cast steel is formed so that the proportion of the flange thickness of a rough formed cast 
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steel finished in a breakdown process to the web thickness thereof comes close to the proportion of the flange thickness 
of a product to the web thickness thereof. This is required in order to prevent shape defects of a steel product in the 
longitudinal direction, such as web waves (caused by web buckling) and flange tears (caused by a difference in elon- 
gation between end portions), and defects thereof in dimensions such as thickness, width and height; these defects 
5 are developed when the proportion of the reduction of a flange thickness to that of a web thickness considerably 
deviates from 1 in subsequent intermediate and finish rolling processes, in particular, in a flange-web simultaneous 
reduction process called universal rolling. 

[0008] Since the thickness of a web is thinner than that of a flange in the size of an H-section, in most cases, the 
above-mentioned rolling method tends to cause the temperature of a web to drop remarkably during rolling and to 
10 increase the temperature variations within an H-shaped cross section. In such a case, the distribution of temperatures 
shows the maximum value at a fillet and the minimum value at the middle of a web, and the temperature difference 
between them becomes as large as 150 to 200°C in some cases. 

[0009] When controlled rolling is carried out by utilizing recuperation and recrystallization with the aim of uniformly 
fining microstructures while temperature variations exist within an H-shaped cross section, it is necessary to apply a 
is large-reduction rolling to each of a flange, a fillet and a web at each appropriate time, respectively. If a rolling is carried 
out with the proportion of the reduction of a flange thickness to that of a web thickness being close to 1 as mentioned 
above, a large-reduction rolling must be applied in a wide temperature range. 

[0010] In order to achieve this, it is essential to increase the cross-sectional size of a rough formed cast steel finished 
in a breakdown process, and this in turn requires the size increase of a cast steel that is a raw material and a new 
20 formative technology of producing a rough formed cast steel having a large cross section in the breakdown process. 
These have been difficult to achieve as they have involved economical problems caused by a decrease in casting work 
efficiency and the like and technical problems such as the development of a yet-to-be achieved production method of 
a rough formed cast steel having a large cross section. 

[0011] Accordingly, in an existing process, universal rolling has been carried out by controlling each of the reduction 
25 ratios of a flange and a web to at most 15 to 18% per pass in the temperature range from 950 to 1 ,100°C. 

[0012] As a method of fining microstructures. which is substituted for a method of rolling and water cooling control, 
there is a production method wherein microstructures are fined and uniformalized, even under the condition of a low 
reduction ratio, by dispersing intragranular ferrite transformation nuclei in austenite, as disclosed in Japanese Unex- 
amined Patent Publication Nos. H4-279247 and H4-279248. However, this requires controlling the amount of dissolved 
30 oxygen and the generation and dispersion of oxides serving as the intragranular ferrite transformation nuclei at the 
stage of steelmaking, and thus, this brings about cost increasing factors such as the augmentation of secondary refining 
process capability to cope with a mass production. Accordingly, this production method does not suit the production 
of general-purpose steels premised by mass production. 

[0013] Further, as technologies for producing a large-sized or thick-wall-sized H-section in view of the above men- 
35 tioned problems, proposed are the technologies of reducing the grain sizes of microstructures by utilizing the precipi- 
tation of V and N, for example, in Japanese Examined Patent Publication Nos. S62-50548 and S62-54862 and Japa- 
nese Unexamined Patent Publication No. H1 0-60576. However, in a case where an H-section is produced by using 
these technologies, though disparities in microstructures within a cross section of the H-section can be mitigated to 
some extent, these measures are insufficient to provide uniform microstructures and/or mechanical properties. More- 
40 over, under the present situation, there is a problem also from the viewpoint of economical efficiency since there is a 
concern about an increase in the production cost caused by the addition of V. 

[001 4] Further, there is a so-called welded H-section produced by welding steel plates together in order to solve the 
above-mentioned problems. However, since it involves many production processes compared with a rolled H-section, 
and in addition to this, the production efficiency is low, it has problems with the economical efficiency in the H-section 
45 market and the supply capability to the market. Further, uniform microstructures and/or mechanical properties within 
a cross section of an H-section can not always be obtained since there are cases where the mechanical properties of 
a weld part differ from those of a base metal depending on weld conditions. 

Disclosure of the Invention 

50 

[001 5] The present invention solves the above-mentioned various problems and provides rolled H-sections of various 
sizes produced by hot rolling and, in particular, rolled H-sections each having uniform mechanical properties within a 
cross section thereof by reducing microstructural variations in respective portions of each of the H-sections of large 
sizes and thick-walled sizes, and a method of producing the H-sections. 
55 [0016] The present invention has been established in order to achieve the above-mentioned object and the gist of 
the present invention is as follows: 

(1) A rolled H-section having uniform microstructures and uniform mechanical properties, characterized in that: 
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the H-section is produced from a cast steel having a chemical composition containing C eq , defined by the carbon 
equivalent formula C eq = C + Si/24 + Mn/6 + NI/40 + Cr/5 + Mo/4 + V/14, at 0.15 to 0.40 mass %; and the micro- 
structures satisfy any one or more of the following conditions on the basis of a 1/4 flange portion in a cross section 
of said H-section: 

1) the deviations of the average grain sizes of ferrite in the microstructures of a 1/2 flange portion and a fillet 
portion from that of the 1/4 flange portion are within ± 15% thereof, 

2) the deviation of the average grain size of ferrite in the microstructure of a 1/2 web portion from that of the 
1/4 flange portion is within ± 15% thereof, 

3) the deviations of the average rates of pearlite in the microstructures of a 1/2 flange portion and a fillet portion 
from that of the 1/4 flange portion are within ± 8% thereof, and 

4) the deviation of the average rate of pearlite in the microstructure of a 1/2 web portion from that of the 1/4 
flange portion is within ± 8% thereof. 

(2) A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties, 
characterized in that: the H-section is produced from a cast steel having a chemical composition containing C eq> 
defined by the carbon equivalent formula C eq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14, at 0.15 to 0.40 
mass %; and the microstructures satisfy any one or more of the following conditions on the basis of a 1/4 flange 
portion in a cross section of said H-section by applying a finish rolling wherein the finish rolling temperatures, each 
expressed in terms of a surface temperature during the finish rolling, of the three portions, namely a 1/4 flange 
portion, a fillet portion and a 1/2 web portion in a cross section of the H-section, vary within 50°C: 

1) the deviations of the average grain sizes of ferrite in the microstructures of a 1/2 flange portion and a fillet 
portion from that of the 1/4 flange portion are within ± 15% thereof, 

2) the deviation of the average grain size of ferrite in the microstructure of a 1/2 web portion from that of the 
1/4 flange portion is within ± 15% thereof, 

3) the deviations of the average rates of pearlite in the microstructures of a 1/2 flange portion and a fillet portion 
from that of the 1/4 flange portion are within ± 8% thereof, and 

4) the deviation of the average rate of pearlite in the microstructure of a 1/2 web portion from that of the 1/4 
flange portion is within ± 8% thereof. 

(3) A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties 
according to the item (2), characterized in that a cast steel containing Nb at 0.005 to 0.035 mass % added further 
to the chemical composition according to the item (2) is finish rolled with a total reduction ratio of 60% or more at 

35 each of a flange portion and a web portion while the temperature of the surface of the steel material is 950°C or 

lower. 

(4) A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties 
according to the item (2) or (3), characterized in that the rolling is carried out by either one of the following two 

40 rolling methods or by the combination thereof: 

1) a method of commencing a rolling after heating a cast steel in the temperature range from 1 ,1 00 to 1 ,300°C 
and rolling the cast steel one or more times applying a reduction ratio of 20% or more per pass to each of a 
flange and a web while the average temperature along the wall thickness of the flange and web portions is 

45 within the range between 950 and 1 ,100°C, and 

2) a method of applying a finish rolling while each of the finish rolling temperatures of the three portions, namely 
a 1/4 flange portion, a fillet portion and a 1/2 web portion, is in the range from 650°C to 860°C. 

(5) A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties 
50 according to the item (3) or (4), characterized in that the production is carried out by further applying either one of 

the following two processes or the combination thereof: 

1) a process group wherein the process of cooling a flange to a surface layer temperature of 750°C or lower 
by cooling the flange with water between the passes of reverse rolling in an intermediate rolling process and 

55 rolling the material during the course of heat recuperation between the passes of said reverse rolling is applied 

once or more times, and 

2) a process of applying an accelerated cooling with water at an average cooling rate of 0.5 to 10°C/sec. in 
the period of time after the completion of rolling in the finish rolling process until a temperature reaches 500°C 
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(here, if the process 2) is not included, natural cooling is adopted down to 500°C after the completion of the 
rolling). 

Brief Description of the Drawings 

5 

[0017] 

Fig. 1 is a schematic view showing the portions of an H-section and the positions where test pieces are cut out. 
Fig. 2 is a graph showing the transition of the average grain size of austenite after recrystallization depending on 
to the rolling temperature history. 

Best Mode for Carrying out the Invention 

[0018] As mentioned above, in a flange portion of an H-section, a 1/2 flange portion (fillet portion) at which the flange 
15 and a web are joined together has a small amount of strain caused by rolling as compared with the other portions of 
the flange, and in addition to that, this portion is forcedly worked in a high temperature range. Therefore, within the 
very same member, microstructural disparities are generated among different positions in a cross section of the flange 
portion and the microstructural disparities cause the strength and toughness of the fillet portion to decrease. That is, 
when an H-section having a web portion whose wall thickness is thinner than that of a flange portion is produced in a 
20 conventional hot rolling process, the microstructure of the web portion tends to become finer than that of the flange 
portion because the web portion undergoes the production conditions of comparatively low temperature and large 
reduction. Further, along with this, the web portion tends to have lower hardenability and a lower pearlite rate than the 
flange portion. 

[0019] The microstructural disparities have a significant influence on strength and toughness, and more specifically, 
25 cause the yield ratio of a web portion to increase. Further, the microstructural disparities and material quality disparities 
tend to be conspicuous when the proportion of the thickness of a flange to that of a web is large and the thickness of 
the web portion is thin. In order to mitigate the low-temperature and large-reduction conditions at a web portion and to 
bring the rolling temperature history of the web portion close to that of a flange portion, a method of shortening the 
time required up to the production by rolling, more specifically, a method of limiting the extension length of a steel 
30 material, namely reducing the weight of a cast steel, and accelerating the rolling and conveying speed, has so far been 
tried. As a consequence, however, a measure sufficient to obtain a uniform microstructure at the respective portions 
in a cross section has not been taken. As mentioned above, an H-section produced by conventional production proc- 
esses has material quality disparities existing between a web and a flange, and there may be a case where such an 
H-section is inappropriate for a member used in a strict steel structure design, depending on the conditions. For ex- 
35 ample, when a conventional H-section is used as a member of a structure designed to be earthquake-proof, there is 
a danger that, when a large earthquake happens, a collapse pattern unpredictable in a designing stage may occur due 
to the disparities in material quality generated within a cross section of the member. 

[0020] Therefore, the present inventors made various studies to eliminate the above-mentioned microstructural dis- 
parities and, as a result, discovered that to control the average grain sizes of ferrite or the average rates of pearlite in 
40 microstructures on the basis of a 1/4 flange portion in a cross section of an H-section and/or to control mechanical 
properties such as yield strength and tensile strength at a 1/2 flange portion, a web portion and a fillet portion are 
important factors. This will be now explained in detail. 

[0021] The mechanical properties of a steel material having microstructures mainly composed of a ferrite phase and 
a pearlite phase can be predicted from the grain size of ferrite and the rate of pearlite. When a deformation is imposed 

45 on this steel material, plastic deformation starts to appear in the ferrite phase which is softer than the pearlite phase, 
and thereby the steel material yields. In a polycrystalline structure which is seen in a regular steel material, it is generally 
known that the mechanical properties depend on the crystal grain size of ferrite. That is to say, it has been shown 
theoretically and experimentally that yield strength has dependence on the grain size of ferrite, and specifically has a 
linear correlation with the square root of the ferrite grain size. In the case of steel materials having the same composition 

50 in particular, the square root of the ferrite grain size and the yield strength are linked to each other by a single rectilinear 
relation. This shows that, if the average grain sizes of ferrite in the microstructures of the steel materials having the 
same composition are substantially unformalized, the yield strengths of the steel materials become substantially equal. 
[0022] In the meantime, tensile strength depends not only on the strength of ferrite which is a soft phase but also on 
the strength of pearlite which is a hard phase. This is because a rupture limit in a tensile test, which represents tensile 

55 strength, results from the plastic deformation of both ferrite and pearlite. Since the tensile strength of a composite 
structure is generally considered to be the weighted average of the tensile strengths of phases constituting the structure, 
the total sum of each product of the strength and the rate of a constituent phase in the structure can be used as a 
predictive expression of the tensile strength. In the case of a steel material mainly composed of a ferrite phase and a 
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pearlite phase, a value acquired by adding the product of the strength and the rate of the peartite phase to the product 
of the strength and the rate of the ferrite phase linearly correlates with tensile strength. 

[0023] In this event, tensile strength is a quantity which depends on the grain size of ferrite and the rate of pearlite 
because of the two reasons that the ferrite rate is equal to a value acquired by subtracting the pearlite rate from 1 
because the number of main constituent phases is two and that the dependency of tensile strength on the grain size 
of pearlite is negligible because the plastic deformation of pearlite is very small compared with the plastic deformation 
of ferrite. For example, the tensile strength of a steel material is expressed by the following experimental formula (1 ) 
according to Pickering and the strength level of a rolled steel is substantially determined by the values of alloy-designed 
chemical constituents, the rate of pearlite, and the grain size of ferrite: 

Tensile strength (MPa) = 15.4 (19.1 + 1.8 [Mnj + 5.4 
[Si] + 0.25 [% pearlite] + 

0.5d" 1/2 (1), 



where, d is a ferrite grain size (mm). 

[0024] This shows that tensile strengths are substantially the same if the average grain size of ferrite and the average 
20 rate of pearlite are substantially uniform in the microstructures of steel materials having the same composition. Ac- 
cordingly, in order to keep a uniform strength in a cross section of an H-section, it is indispensable to apply the process 
control of rolling and cooling to each portion of the cross section. 

[0025] The crystal grain size of ferrite is determined by the number of ferrite transformation sites and the growth rate 
of the ferrite crystals during the transformation of austenite into ferrite, and depends chiefly on the following conditions: 
25 1) the grain size of austenite just before it is transformed into ferrite, and 2) a temperature at working, the amount of 
strain, a cooling rate in a transformation range and the like, in a working and heat treatment represented by an accel- 
erated cooling type controlled rolling (TMCP). Further, the rate of pearlite is mainly determined by the transformation 
temperature of the pearlite. 

[0026] On the basis of the above-mentioned principles, the present invention actualizes the uniformity of microstruc- 
30 tures and that of mechanical properties in a cross section of an H-section by reducing microstructural disparities among 
a web, a flange and a fillet of the rolled H-section formed by rolling using the methods shown hereafter. The following 
measures can be enumerated as methods of eliminating microstructural disparities among a 1/4 flange portion, a 1/2 
flange portion and a fillet portion and uniformalizing their mechanical properties: 

35 © To sufficiently fine the structure of austenite after recrystallization at not only a 1/4 flange portion but also a 1/2 

flange portion and a fillet portion by applying a large-reduction rolling with a reduction ratio of 20% or more for 
example, and thereby to fine microstructures finally. 

<D To sufficiently fine the structure of austenite after recrystallization at not only a 1/4 flange portion but also a 1/2 
flange portion and a fillet portion by rolling a material in a relatively low temperature range within a recrystallization 
40 temperature range (950°C or higher, for example), and thereby to fine microstructures finally. In order to realize 

the rolling in a relatively low temperature range, a method of cooling the flange with water between passes can 
be envisaged. 

(D To suppress the grain growth of ferrite by accelerated cooling using water cooling after the completion of rolling, 
and thereby to increase the rate of pearlite in a structure. 

45 

[0027] Further, the following measures can be enumerated as methods of eliminating microstructural disparity be- 
tween a 1/4 flange portion and a 1/2 web portion: 

1) To eliminate a single rolling pass which uses a pass groove for a web, called a flat pass rolling, in a breakdown 
50 process, and thereby to suppress a temperature drop in the web during the rolling. Here, in order to actualize such 

a process, it is essential to employ a so-called universal breakdown rolling process wherein a single rolling pass 
for the web is used in a universal rolling process succeeding the breakdown process. 

2) To shorten the time required for rolling, and thereby to suppress an increase in temperature differences among 
portions in a cross section of an H-section. 

55 3) To sufficiently fine the grain sizes of austenite structures after recrystallization at not only a 1/4 flange portion 

but also a fillet portion by applying a large-reduction rolling, and thereby to fine the microstructures finally. 
4) To fine the grain sizes of austenite structures after recrystallization at not only a 1/4 flange portion but also a 
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fillet portion by applying rolling in a relatively low temperature range within a recrystallization temperature range 
(950°C or higher, for example), and thereby to fine the microstructures finally. In order to actualize the rolling in 
the relatively low temperature range, a method of cooling a steel material with water between rolling passes can 
be envisaged. 

5 5) To bring the rolling temperature histories of three portions, namely a flange, a fillet and a web, within a non- 

recrystallization temperature range close to each other. As concrete methods therefor, it is sufficient to control the 
following items: 

To suppress differences in total reduction ratio among the portions in the n on- recrystallization temperature 
10 range. 

Differences in strain introduced by rolling among the portions are reduced if a total reduction ratio of 60% 
or more can be secured during the reduction from a wall thickness at the upper limit of the non-recrystallization 
temperature range (the upper limit being of the order of 950° C in terms of a temperature at the surface of a 
steel material, for example, in the case of a steel containing Nb among the components of the present invention) 

is down to the wall thickness of a product. 

To suppress differences in finishing temperatures among the portions. 

If temperatures during a finish rolling (hereinafter referred to as finishing temperatures) at the steel material 
surfaces of the three portions, namely a flange, a fillet and a web, are all 860°C or lower, the grain sizes of 
microstructures are sufficiently fined. However, if they are lower than 650°C, the microstructures are partly 

20 transformed into ferrite to cause work- induced ferrite to be generated during the rolling, which deteriorates 

mechanical properties, in particular toughness. Therefore, the lower limit of the finishing temperature is set at 
650°C. Further if the differences in finishing temperatures among the three portions can be suppressed within 
50° C, microstructural disparities among the portions are reduced. 

25 6) To suppress the grain growth of ferrite by accelerated cooling at a cooling rate of 0.5 to 10.0°C/sec. after the 

completion of rolling, and thereby to increase the rates of pearlite and bainite in a structure. 

[0028] According to the present invention, as mentioned above, it is necessary that the deviations of the average 
grain sizes of ferrite in microstructures of a 1/2 flange portion and a fillet portion from that of a 1/4 flange portion are 

30 within ± 1 5% thereof or the deviations of the average rates of pearlite in the microstructures of a 1/2 flange portion and 
a fillet portion from that of a 1/4 flange portion are within ± 8% thereof. Here, the reasons why the range of a uniform 
microstructure is limited to within ± 15% in terms of the average grain size of ferrite and within ± 8% in terms of the 
average rate of pearlite are that the results of experiments have made it clear that, as long as these limits are maintained, 
it is possible to control the variations of mechanical properties such as strength and toughness to within about ± 5%, 

35 that is, when the average grain size of ferrite and the average rate of pearlite are within the above-mentioned limits, 
substantially uniform mechanical properties can be obtained. 

[0029] In the case of industrial production, a certain degree of tolerance is required. With respect to tensile strength 
and yield strength, they can be judged to be uniform if the extent of variations is such that variations in the tensile 
strength and yield strength are within 5% and variations in yield ratios are within 3%. For example, if any one or more 
40 of the following conditions are satisfied, mechanical properties are determined to be uniform in a cross section of an 
H-section. An H-section sufficiently satisfying these conditions can be obtained by employing the production method 
according to the present invention. 
[0030] On the basis of a 1/4 flange portion: 

45 1) A rolled H-section having uniform mechanical properties wherein the deviations of the yield strengths of a 1/2 

flange portion and a fillet portion from that of the 1/4 flange portion are within ± 5% thereof. 

2) The deviations of the yield ratios (yield strength/tensile strength) of a 1/2 flange portion and a fillet portion from 
that of the 1/4 flange portion are within ± 3% thereof. 

3) The deviations of the yield strengths and tensile strengths of a 1/2 flange portion and a fillet portion from those 
50 of the 1/4 flange portion are within ± 5% thereof, respectively. 

4) The deviations of the yield ratios (yield strengthAensile strength) and tensile strengths of a 1/2 flange portion 
and a fillet portion from those of the 1/4 flange portion are within ± 3% and ± 5% thereof, respectively. 

5) The deviation of the yield strength of a 1/2 web portion from that of the 1/4 flange portion is within ± 5% thereof. 

6) The deviation of the yield ratio of a 1/2 web portion from that of the 1/4 flange portion is within ± 3% thereof. 
55 7) The deviations of the yield strength and tensile strength of a 1/2 web portion from those of the 1/4 flange portion 

are within ± 5% thereof, respectively. 

8) The deviations of the yield ratio and tensile strength of a 1/2 web portion from those of the 1/4 flange portion 
are within ± 3% and + 5% thereof, respectively. 
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[0031] Next, the reason why the range of the carbon equivalent in a steel of the present invention is limited to 0.15 
to 0.40 mass % will be explained hereafter. The carbon equivalent in the present invention is determined by the carbon 
equivalent formula C eq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/1 4 and it ranges from 0.1 5 to 0.40 mass %. This 
composition range 6orresponds to the chemical compositions of a rolled steel for general structure, a rolled steel for 
5 welded structure, a rolled steel for building structure and the like defined as SN400, SS400, SM400, SN490, SM490, 
etc. in the JIS standards. This composition range represents the tensile strengths of 400 MPa to 610 MPa and allows 
achieving high toughness and high weldability. Further, when a carbon equivalent is within this range, the microstructure 
of a steel having such composition is mainly composed of a ferrite phase and a pearlite phase and, as mentioned 
above, a mechanism comes into existence wherein the microstructure has an influence on mechanical properties. In 
10 addition, the carbon equivalent formula shown in the claims is described also in the JIS standards, and it is shown 
there that the lower the value is, the more excellent the weldability is. Further, with respect to toughness, it is empirically 
known that the lower the value of the carbon equivalent formula is, the better is the value of toughness obtained. 
[0032] Further, according to the present invention, Nb at 0.005 to 0.035 mass % is added to the chemical composition 
satisfying the above-mentioned limited range of the carbon equivalent formula in order to improve strength and tough- 
's ness. It is known that the addition of Nb acts so as to suppress recrystallization of steel. For example, even in a case 
where Nb at 0.005 mass %, that is the minimum amount of Nb addition, is added, a non-recrystallization temperature 
range can be raised to a temperature range of, for example, the order of 950°C, provided that the carbon equivalent 
is in the range according to the present invention. Further, if the concentration of added Nb exceeds 0.035 mass %, 
coarse Nb-based carbides disperse, which may impair the toughness and weldability of a base metal. Therefore, the 
20 upper limit of Nb is set at 0.035 mass %. 

[0033] Next, the reasons why the conditions of controlled rolling and controlled cooling are limited, which are the 
features of the present invention, will be explained hereafter. 

[0034] The reason why the reheating temperature of a cast steel is limited to within the temperature range of 1 ,1 00 
to 1 ,300°C at the time of starting the rolling of an H-section is that heating up to 1 ,100°C or higher is required in order 
25 to make plastic deformation easy when a section steel is produced by hot rolling, and that the upper limit is set at 
1 ,300°C from the viewpoints of the capability and economical efficiency of a reheating furnace. 

[0035] A heated cast steel is then rolled and formed in the processes of rough rolling, intermediate rolling and finish 
rolling. 

As one of the features of the rolling process according to the present invention, a large-reduction rolling with a reduction 

30 ratio of 20% or more per pass in the intermediate rolling process can be mentioned. The reason why the temperature 
range is limited to 950 to 1 ,100°C when a large-reduction rolling with a reduction ratio of 20% or more per pass is 
adopted is that the effect of recrystallization on fining the grain size in an austenite structure is maximized within this 
temperature range. The more the strain is imposed during rolling, the finer the grain size in the structure of austenite 
after recrystallization is. In the case of a rolling with a reduction ratio of less than 20% which has so far been employed, 

35 the grain sizes of the recrystallized structures of a web and a flange have been sufficiently fined; however, the grain 
size of the recrystallized structure of a fillet portion has not been sufficiently fined because a work-induced strain in- 
troduced into the fillet portion has been relatively small. On the other hand, by adopting a rolling with a reduction ratio 
of 20% or more in the above-described temperature range, the fining of the grain size of the recrystallized structure of 
a fillet has sufficiently progressed and it has been possible to obtain an austenite structure having grains substantially 

40 as fine as those of the web and flange portions. 

[0036] Further the higher the frequency of large-reduction rolling with a reduction ratio of 20% or more is, the more 
the fining of the grain size in the austenite structure advances, as shown in Fig. 2. However, as the average grain size 
of austenite after recrystallization converges at a value which depends on working conditions, the effect of recrystalli- 
zation per pass on fining a grain size tends to decrease as the frequency of rolling increases. In this event, a part of 

4 5 work-induced strain is accumulated in austenite grains, acts as ferrite transformation nuclei in the austenite grains, 
and has the function of fining the grain size of a microstructure finally. 

[0037] Further, by adding a large-reduction rolling to a production process, the number of rolling passes is reduced, 
the time required to roll a reheated cast steel into an H-section of a prescribed size is shortened, and temperature 
differences among portions in a cross section of the H-section are reduced. That is to say, temperature differences 
50 among the portions during a rolling pass are reduced and thus variations in the temperature histories of the portions 
are reduced. 

[0038] In addition to the conditions of a large-reduction rolling, by employing the water cooling of a flange portion 
between rolling passes and after the completion of rolling, the uniformalizing of the microstructures of respective por- 
tions in a cross section and the uniformalizing of the mechanical properties thereof are further accelerated. 
55 [0039] By employing the water cooling of a flange portion between rolling passes, the temperature of a fillet gradually 
comes closer to the temperature of a web or that of a flange, and microstructural disparities within a cross section are 
further reduced. Here, with respect to the water cooling of a flange between rolling passes, a method of cooling the 
fiange so that the surface temperature of the flange portion is cooled down to 750°C or lower just after the water cooling 
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and rolling the steel material while the surface of the steel material is recuperated is effective for fining the grain size 
of a microstructure, and, by applying the method at least once or by repeating it a plurality of times, the effect of fining 
a grain size is further exhibited. In addition, this water cooling gives a temperature gradient extending from the surface 
layer portion of the flange to the interior, increases the permeation of working by rolling into the interior as compared 
5 with a case where water cooling is not applied, and also gives the effect of assisting the fining of the size of grains in 
the inner part of the wall thickness. 

[0040] The number of repetition of the water cooling and the recuperation rolling depends on the thickness of a rolled 
material, the thickness of a flange for example, and two or more repetitions are employed when the thickness is large. 
Here, a reason to limit the temperature of the surface layer portion of a cooled flange to 750°C or lower is that the 

10 cooling is performed not only to lower the temperature of a rolled material but also to obtain the effect of revealing the 
function of suppressing the quench hardening of a surface layer portion. That is to say, a rolled material is once cooled 
down to the austenite-ferrite transformation temperature (Ar 3 temperature) or lower by water cooling to transform 
austenite into ferrite, and undergoes a process of rolling the material in the austenite-ferrite two-phase domain and a 
process of transforming the ferrite, which is transformed once by recuperating heat and raising the temperature before 

is the subsequent rolling pass, into austenite again as a reverse transformation, and by these processes, the grain size 
of the microstructure in the surface layer portion is fined, the hardenability can be remarkably lowered, and the quench- 
hardening of the surface layer portion can be prevented even when an accelerated cooling is applied after the com- 
pletion of rolling. 

[0041] Further, the purpose of finish cooling the flange portion at a cooling rate of 0.5 to 1 0°C/sec. after the completion 
20 of rolling is to suppress the grain growth of ferrite by an accelerated cooling and thus to uniformalize the microstructures 
of the respective portions in the cross section with their grains being kept fine, and also to increase the rate of peart ite 
in a structure and thus to obtain targeted strength with the small amounts of alloys. 

Examples 

25 

[0042] The present invention will be explained hereafter based on examples. 
<Example 1> 

30 [0043] Experimentally produced steels were melted and refined in a basic oxygen furnace and cast into cast steels 
240 to 300 mm in thickness by a continuous casting method, and the cast steels were heated and then rolled into H- 
sections. 

[0044] As the conditions for the hot rolling, employed was an H-section production method comprising a breakdown 
process basically by the use of groove rolling, an intermediate rolling process by the use of a group of intermediate 
35 universal mills comprising an edger mill and a universal mill, and a finish rolling process by the use of a universal mill. 
Here, this method may include an additional skew-roll rolling process for controlling the height of the web of an H- 
section. 

[0045] Under this production method by rolling, in the breakdown process, a cast steel is shaped so as to have a 
proper flange width and web height by being rolled in the width direction of the cast steel by the use of rolling rolls each 

40 having a plurality of grooves disposed therein, each of which grooves has a projection in the center of the groove 
bottom which width is different from those of other grooves. In succession, in the intermediate rolling process, the 
flange width is shaped by the edger mill, and the web thickness and the flange thickness are shaped by the universal 
mill. Further, in the finish rolling process, the steel is shaped by the finishing mill into the prescribed size of an H-section. 
[0046] On the other hand, in the conventional method, a cast steel undergoes the above-mentioned rolling in a 

45 breakdown process and thereafter a single web rolling process by the use of grooves, called flat pass rolling. However, 
the reduction of the thickness of the web in the early stage in consequence of the single web rolling causes the tem- 
perature drops of the web in the succeeding processes to be conspicuous, and the web has to be rolled in a low 
temperature range as compared with the other portions. Further, since a reduction ratio per pass in the universal mill 
is relatively small in the intermediate rolling process, the time needed for the production by rolling is prolonged, tem- 

50 perature differences among the portions are expanded accordingly, and that causes the disparities of rolling temper- 
ature histories. 

[0047] In this example, the uniformity of microstructures and the uniformity of mechanical properties such as tensile 
strength and yield strength were achieved by eliminating the flat pass rolling in the breakdown process and shortening 
the time required for the production by rolling by using large-reduction rolling in the intermediate rolling process. For 
55 example, microstructures shown in Table 1 were obtained when the above-mentioned process was used to produce 
H-sections each having a web thickness of 9 mm, a flange thickness of 12 mm, a web height of 500 mm and a flange 
width of 200 mm, and H-sections of large size each having a web thickness of 40 mm, a flange thickness of 60 mm, 
a web height of 500 mm and a flange width of 500 mm. In addition, the mechanical properties of an H-section according 



9 



EP 1 281 777 A1 

to the present invention, which uniformalizes strength within a cross section, can be obtained not only in the cases of 
the above-described sizes but also similarly in the cases of, for example, an H-section of heavy wall thickness having 
a web thickness of 40 mm, a flange thickness of 60 mm, a web height of 500 mm and a flange width of 500 mm, and 
an H-section of large size having a web thickness of 19 mm, a flange thickness of 37 mm, a web height of 300 mm 

5 and a flange width of 900 mm. 

[0048] The mechanical properties of the H-sections thus produced were obtained by taking test pieces from positions 
at 1/4 and 1/2 (1/4B and 1/2B) of the total width (B) of a flange 2 along the center line located in the center (1/2t 2 ) of 
the wall thickness t 2 of the flange 2, and from a position at 1/2 (1/2H) of the height of the web along the center line 
located in the center of the wall thickness of a web 3, as shown in Fig. 1 . Here, 1/4B corresponds to a 1/4 flange portion, 

10 1/2B to a fillet portion or 1/2 flange portion, and 1/2H to a 1/2 web portion. The reason why these portions are selected 
to evaluate the properties is that the 1/4 flange portion (1/4B) and the fillet portion <1/2B)can be considered to represent 
the properties of the flange portion of an H-section. Here, measurement was carried out on a cross section of an H- 
section in every case. 

[0049] Table 1 shows the results of measuring the average grain sizes of ferrite and the average rates of pearlite in 
is the microstructures of a 1/4 flange portion, a fillet portion and a 1/2 web portion, and proportions between those values 
of two portions, namely a 1/4 flange portion and a fillet portion, and between those values of two portions, namely a 
1/4 flange portion and a 1/2 web portion, with respect to each of the experimentally produced steels. In the stage of 
production, whereas the average grain sizes of ferrite and the average rates of pearlite of the steels according to the 
present invention distribute in the ranges specified by the present invention, those of conventional steels (comparative 
20 steels) do not satisfy the ranges specified by the present invention and therefore desired strength or toughness has 
not been achieved. Here, a method of measuring the average grain sizes of ferrite and the average rates of pearlite 
based on microstructural observation is not specifically restricted. At least an optical microscope can be used for the 
observation, and when an average value is to be obtained, it is desirable to measure each value in a visual field about 
0.4 mm x about 0.4 mm or larger in size within a domain in which local variations in an observed portion are judged to 
25 be sufficiently small. 



50 
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[Table 1] 



Flange portion microstructure measurement results of invented steels and conventional steels (comparative steels) 



5 




No.. 


Name of 
portion 


Position in 
Fig. 1 


Average 
ferrite grain 
size (urn) 


Grain size 
proportion*! 
(%) 


Average 
pearlite rate 
(%) 


Proportion 
of rate*1 

(%) 




Invented 


1 


1/4 flange, 


1/4B 1/2t 


16.2 




21.0 




10 


steel 




fillet, 


1/2B 1/2t 


17.8 


9.9 


19.1 


-9.0 








1/2 web 


1/2W 1/2t 


12.6 


-22.2 


23.4 


11.4 






2 


1/4 flange, 


1/4B 1/2t 


14.7 




16.7 










fillet, 


1/2B 1/2t 


17.2 


17.0 


15.7 


-6.0 


15 






1/2 web 


1/2W 1/2t 


11.9 


-19.0 


18.7 


12.0 






3 


1/4 flange, 


1/4B 1/2t 


18.2 




35.4 










fillet, 


1/2B 1/2t 


21.4 


17.6 


31.5 


-11.0 


20 






1/2 web 


1/2W 1/2t 


16.1 


-11.5 


38.7 


9.3 






4 


1/4 flange, 


1/4B 1/2t 


10.5 




19.8 










fillet, 


1/2B 1/2t 


13.4 


27.6 


17.9 


-9.6 








1/2 web 


1/2W 1/2t 


8.7 


-17.1 


21.1 


6.6 


25 




5 


1/4 flange, 


1/4B 1/2t 


9.2 




17.2 










fillet, 


1/2B 1/2t 


10.3 


12.0 


17.1 


-0.6 








1/2 web 


1/2W 1/2t 


7.5 


-18.5 


19.3 


12.2 


30 




6 


1/4 flange, 


1/4B 1/2t 


13.4 




9.8 










fillet, 


1/2B 1/2t 


15.7 


17.2 


8.8 


-10.2 








1/2 web 


1/2W 1/2t 


13.5 


0.7 


10.3 


5.1 


35 




7 


1/4 flange, 


1/4B 1/2t 


11.2 




42.1 








fillet, 


1/2B 1/2t 


11.9 


6.3 


41.3 


-1.9 








1/2 web 


1/2W 1/2t 


9.9 


-11.6 


46.1 


9.5 






8 


1/4 flange, 


1/4B 1/2t 


17.8 




39.6 




40 






fillet, 


1/2B 1/2t 


20.1 


12.9 


35.7 


-9.8 








1/2 web 


1/2W 1/2t 


17.1 


-3.9 


41.0 


3.5 






9 


1/4 flange, 


1/4B 1/2t 


8.1 




18.2 




45 






fillet, 
1/2 web 


1/2B 1/2t 
1/2W 1/2t 


9.1 

6.7 


12.3 
-17.3 


16.9 
19.6 


-7.1 
7.7 






10 


1/4 flange, 


1/4B 1/2t 


10.8 




6.1 










fillet, 


1/2B 1/2t 


12.8 


18.5 


5.8 


. -4.9 


50 






1/2 web 


1/2W 1/2t 


9.7 


-10.2 


6.5 


6.6 



•1 : ((fillet portlon/1/4 flange portion) - 1)M0O (%) or ((1/2 web portion/1/4 flange portion) - 1) * 100 (%) 
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[Table 1] (continued) 



Flange portion microstructure measurement results of invented steels and conventional steels (comparative steels) 



5 




No.. 


Name of 
portion 


Position in 
Fig. 1 


Average 
ferrite grain 
size (p.m) 


Grain size 
proportion^ 


Average 
pearlite rate 
\ 1 i 


Proportion 
of rate*1 




Invented 


11 


1/4 flange, 


1/4B 1/2t 


8.1 




17.2 






steel 




fillet, 


1/2B 1/2t 


8.7 


7.4 


16.2 


-5.8 


10 






1/2 web 


1/2W 1/2t 


8.2 


1.2 


16.6 


-3.5 






12 


1/4 flange, 


1/4B 1/2t 


14.2 




16.2 










fillet, 


1/2B 1/2t 


16.0 


12.7 


15.1 


-6.8 


15 






1/2 web 


1/2W 1/2t 


12.5 


-12.0 


16.8 


3.7 


Comparative 


13 


1/4 flange, 


1/4B 1/2t 


10.1 




16.7 






steel 




fillet, 


1/2B 1/2t 


12.2 


20.8 


14.3 


-14.1 








1/2 web 


1/2W 1/2t 


8.3 


-17.8 


18.5 


11.1 


20 




14 


1/4 flange, 


1/4B 1/2t 


9.2 




16.2 










fillet, 


1/2B1/2t 


12.4 


34.8 


14.5 


-10.7 








1/2 web 


1/2W1/2t 


7.4 


-19.6 


19.4 


19.5 


25 




15 


1/4 flange, 


1/4B 1/2t 


8.6 




14.5 










fillet, 


1/2B 1/2t 


12.2 


41.9 


12.3 


-15.2 








1/2 web 


1/2W 1/2t 


6.6 


-23.3 


16.5 


13.8 






16 


1/4 flange, 


1/4B 1/2t 


21.5 




42.7 




30 






fillet, 


1/2B 1/2t 


25.4 


18.1 


38.7 


-9.4 








1/2 web 


1/2w 1/2t 


16.4 


-23.7 


48.1 


12.6 






17 


1/4 flange, 


1/4B 1/2t 


18.1 




39.5 




35 






fillet, 


1/2B 1/2t 


22.1 


22.1 


35.8 


-9.4 








1/2 web 


1/2W1/2t 


13.2 


-27.1 


43.4 


9.9 






18 


1/4 flange, 


1/4B 1/2t 


12.1 




20.1 










fillet, 


1/2B 1/2t 


14.8 


22.3 


18.1 


-10.0 


40 






1/2 web 


1/2W1/2t 


9.8 


-19.0 


22.4 


11.4 






19 


1/4 flange, 


1/4B 1/2t 


8.9 




22.8 










fillet, 


1/2B 1/2t 


10.5 


18.0 


20.6 


-9.6 


45 






1/2 web 


1/2W 1/2t 


7.1 


-20.2 


25.1 


10.1 






20 


1/4 flange, 


1/4B 1/2t 


12.3 




23.6 










fillet, 


1/2B 1/2t 


15.1 


22.8 


20.4 


-13.6 








1/2 web 


1/2W 1/2t 


9.9 


-19.5 


26.5 


12.3 



*1: ((Nile! portion/1/4 flange portion) - 1)MO0 (%) or ((1/2 web portion/1/4 flange portion) - 1 ) * 100 (%) 

<Example 2> 

[0050] It has been made clear that an H-section having uniform microstructures at three portions, namely a 1/4 flange 
portion, a fillet portion and a 1/2 web portion, can be produced by setting the reduction ratio of a large-reduction rolling 
at 20% or more in an intermediate rolling process and further combining appropriately the following rolling temperature 
conditions with the cooling conditions between rolling passes and after rolling as shown in Table 2, under the rolling 
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method described in Example 1 . 

Variations in the finish rolling temperatures are within 50°C among three portions, namely a 1/4 flange portion, a 
fillet portion and a 1/2 web portion. 
s - Finish rolling temperatures are not lower than 650°C and not higher than 860°C at the three portions, namely a 
1/4 flange portion, a fillet portion and a 1/2 web portion. 

A total reduction ratio in the temperature range of 950° C or lower is 60% or more at both a flange portion and a 
web portion (here, this condition is restricted only to a case where Nb is added). 

The surface layer portion of a flange is cooled down to 750°C or lower by cooling the flange with water between 
10 passes and the material is rolled during the recuperation between passes. 

The average cooling rate of an accelerated cooling with water is 0.5 to 10°C/sec. after the completion of rolling 
until the temperature reaches 500°C. 

[0051] In addition, the combination of the production conditions of the invented steels in Table 1 is shown in Table 2. 

15 
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< Example 3> 

[0052] The mechanical properties of H-sections produced by the method similar to that employed in Example 1 are 
shown in Table 3. 

[0053] Table 3 shows the results of measuring the yield strength and tensile strength of a 1/4 flange portion, a fillet 
portion and a 1/2 web portion, and the proportions between those values of two portions, namely a 1/4 flange portion 
and a fillet portion, and between those values of two portions, namely a 1/4 flange portion and a 1/2 web portion, with 
respect to each of the experimentally produced steels. In a stage of production, whereas the average grain sizes of 
ferrite and the average rates of pearlite of the steels according to the present invention distribute in the ranges specified 
by the present invention, those of conventional steels (comparative steels) do not satisfy the ranges specified by the 
present invention and therefore desired strength or toughness has not been achieved. Here, although the size of test 
pieces for measuring tensile strength and yield strength is not specifically restricted, it is desirable to use at least JIS 
standards and a method compliant with JIS standards. 
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[Table 3] Mechanical properties of respective portions in 
a cross section of each H-section of invented 
steels and conventional steels (comparative 



steels } 



10 



15 



20 



25 



30 



35 





Steel 
No. 


Carbon 
equi- 
valent 


Name of 
portion 


Position 
in Fig. 1 


Yield 
streng- 
th 


Propor- 
tion 


Tensile Propor- 
streng- tion 
th 


Yield 
ratio 


Propor- 
tion 






(%) 
*1 






<MPa) 


*2 


/ VTO-a V 

trs**aj 


I* J 

*2 


<%> 


<%) 
•2 




1 


0.35 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


41B 
401 
440 


95. 9 
105.3 


545 
505 
551 


92 . 7 
101.1 


76 .7 
79.4 
79. 9 


103.5 
104. 1 




2 


0 .39 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


435 
412 
465 


94.7 
106. 9 


557 

32 J 

575 


93 . 9 
103.2 


78.1 
78.8 
80.9 


100.9 
103. 6 




3 


0.31 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


352 
341 
384 


96.9 
109.1 


461 
464 
486 


100.7 
105.4 


76 .4 
73.5 
79.0 


96.2 
103. 5 




4 


0.25 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


267 
251 
284 


94.0 
106.4 


340 
328 
377 


96.5 
110.9 


78.5 
76.5 
75.3 


97. 4 
95.9 




S 


0.29 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


315 
307 
344 


97.5 
109.2 


412 
409 
434 


99.3 
105.3 


76.5 
75.1 
79.3 


98.2 
103.7 


Invented 
steel 


6 


0.19 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


211 
199 

219 


94.3 
103.8 


281 
277 
302 


98.6 
107.5 


75.1 
71 .8 

72 .5 


95.7 
96.6 




7 


0.23 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


227 
214 
241 


94.3 
106.2 


295 
290 
315 


96.3 
106.8 


76.9 
73.8 
76.5 


95.9 
99.4 




8 


O. 23 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


231 
218 
242 


94.4 
104. 8 


297 
291 
301 


98.0 
101.3 


77 .8 
74 .9 
80 . 4 


96.3 
103.4 




9 


0.23 


1/4 flange, 
fillet. 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


235 
222 
248 


94.5 
IOS.5 


301 
294 

315 


97.7 
104 .7 


78.1 

75.5 
78.7 


96.7 
100 . 8 




10 


0.31 


1/4 flange, 
fillet, 
1/2 web 


I/4B l/2t 
1/2B l/2t 
1/2W l/2t 


322 
304 
32 9 


94.4 
102.2 


417 
408 
422 


97.8 
101.2 


77 .2 
74 .5 
78.0 


96.5 
101.0 




11 


0.31 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


323 
307 
333 


93.6 
101.5 


423 
410 
451 


96.9 
106.6 


77.5 
74.9 
73.8 


96.6 
95.2 



*1: Carbon equivalent - C + Si/24 + Mn/6 + Ni/40 + Cr/5 



+ MO/4 + V/14 

*2: ((fillet portion/1/4 flange portion) - l)xl00 (%), 

or = ((fillet portion/1/2 web portion) - l)xl00 (%) 
Note) Data showing the deviations of yield strength 
proportions and tensile strength proportions falling 
within ±5% and the deviation of yield ratio proportions 
falling within ±3%. 
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[Sequel of Table 3) Mechanical properties of respective 

portions in a cross section of each 
H-section of invented steels and 
conventional steels (comparative 



► steels) 



10 


Steel 

No. 


Carbon 
equi- 
valent 


Name of 
portion 


Position 
in Fig . 1 


Tield 
streng- 
th 


Propor- 
tion 


Tensile Propor- 
atreng- tion 
th 


Yield 
ratio 


Propor- 
tion 






m 
*i 






(MPa) 


<%> 
•2 


<MPa) 


(%) 
*2 


(%) 


(%) 
*2 


15 




12 


0.24 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


271 
259 
281 


95.6 
103.7 


362 
360 
359 


99.4 

99.2 


74.9 
71.9 
78.3 


96.1 
104. 6 






13 


0.25 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


244 

230 
261 


94.3 
107.0 


33B 
312 
353 


92 .3 
104.4 


72.2 
73.7 
73.9 


102.1 
102. 4 


20 




14 


0 .29 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


311 
290 
331 


93.2 
106.4 


421 
402 
435 


95.5 
103.3 


73.9 
72.1 
76.1 


97.7 
103.0 




Invented 
steel 


15 


0.30 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


312 
299 
333 


95.8 
106.7 


417 
413 
435 


99.0 
104 . 3 


74.8 
72.4 
76.6 


96.8 
102.3 
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16 


0.29 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


320 
302 
332 


94.4 
103.8 


. 411 
404 
423 


93.3 
102.9 


77.9 
74.8 
78.5 


97.2 
101.3 






17 


0-37 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


419 
399 
440 


95.2 
105.0 


545 
534 
565 


98.0 
103.7 


76. 9 
74.7 
77.9 


97.2 
101.3 
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18 


0.39 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


435 
422 
456 


97.0 
104.8 


557 
552 
575 


99.1 
103.2 


78.1 
76.4 
79.3 


97.9 
101. S 






19 


0.39 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


430 
399 
453 


92 .8 
105.3 


557 
545 
561 


97.8 
100.7 


77.2 
73.2 
80.7 


94.8 
104.6 
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Compara- 
tive 
steel 


20 


0.39 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


431 
400 
453 


92.8 
105. 1 


557 
546 
5 65 


98.0 
101 . 4 


77.4 
73.3 
80.2 


94.7 
103. 6 
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0. 39 


1/4 flange, 
fillet, 
1/2 web 


1/4B l/2t 
1/2B l/2t 
1/2W l/2t 


424 
386 
453 


91.0 
106.8 


554. 
521 
570 


94.0 
102 .9 


76.5 
74.1 
79.5 


96.8 
103.8 



*1: Carbon equivalent = C + Si/24 + Mn/6 + Ni/40 + Cr/5 



+ Mo/4 + V/14 

*2: ((fillet portion/1/4 flange portion) - l)xl00 (%), 

or = ((fillet portion/1/2 web portion) - l)xl00 (%) 
Note) Data showing the deviations of yield strength 
proportions and tensile strength proportions falling 
within ±5% and the deviation of yield ratio proportions 
falling within ±3%. 



Industrial Applicability 

[0054] As explained above, the present invention makes it possible to provide an H-section having few microstructural 
disparities among respective portions of the H-section and having uniform mechanical properties within a cross section 
of the H-section. 
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Claims 

1. A rolled H-section having uniform microstructures and uniform mechanical properties, characterized In that: the 
H-section is produced from a cast steel having a chemical composition containing C^, defined by the carbon 

5 equivalent formula C cq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14, at 0.15 to 0.40 mass %; and the micro- 

structures satisfy any one or more of the following conditions on the basis of a 1/4 flange portion in a cross section 
of said H-section: 

1) the deviations of the average grain sizes of ferrite in the microstructures of a 1/2 flange portion and a fillet 
io portion from that of the 1/4 flange portion are within ± 15% thereof, 

2) the deviation of the average grain size of ferrite in the microstructure of a 1/2 web portion from that of the 
1/4 flange portion is within ± 15% thereof, 

3) the deviations of the average rates of pearlite in the microstructures of a 1/2 flange portion and a fillet portion 
from that of the 1/4 flange portion are within ± 8% thereof, and 

'5 4) the deviation of the average rate of pearlite in the microstructure of a 1/2 web portion from that of the 1/4 

flange portion is within ± 8% thereof. 

2. A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties, char- 
acterized In that: the H-section is produced from a cast steel having a chemical composition containing C eqj 

20 defined by the carbon equivalent formula = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14, at 0.15 to 0.40 

mass %; and the microstructures satisfy any one or more of the following conditions on the basis of a 1/4 flange 
portion in a cross section of said H-section by applying a finish rolling wherein the finish rolling temperatures, each 
expressed in terms of a surface temperature during the finish rolling, of the three portions, namely a 1/4 flange 
portion, a fillet portion and a 1/2 web portion in a cross section of the H-section, vary within 50°C: 

25 

1) the deviations of the average grain sizes of ferrite in the microstructures of a 1/2 flange portion and a fillet 
portion from that of the 1/4 flange portion are within ± 15% thereof, 

2) the deviation of the average grain size of ferrite in the microstructure of a 1/2 web portion from that of the 
1/4 flange portion is within ± 15% thereof, 

30 3) the deviations of the average rates of pearlite in the microstructures of a 1/2 flange portion and a fillet portion 

from that of the 1/4 flange portion are within + 8% thereof, and 

4) the deviation of the average rate of pearlite in the microstructure of a 1/2 web portion from that of the 1/4 
flange portion is within ± 8% thereof. 

35 3. A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties ac- 
cording to claim 2, characterized in that a cast steel containing Nb of 0.005 to 0.035 mass % added further to 
the chemical composition according to claim 2 is finish rolled with a total reduction ratio of 60% or more at each 
of a flange portion and a web portion while the temperature of the surface of the steel material is 950°C or lower. 

4. A method of producing a rolled H-section having uniform microstructures and uniform mechanical properties ac- 
cording to claim 2 or 3, characterized in that the rolling is carried out by either one of the following two rolling 
methods or by the combination thereof: 

1 ) a method of commencing a rolling after heating a cast steel in the temperature range from 1 , 1 00 to 1 ,300°C 
45 and rolling the cast steel one or more times applying a reduction ratio of 20% or more per pass to each of a 

flange and a web while the average temperature along the wall thickness of the flange and web portions is 
within the range between 950 and 1 ,100°C t and 

2) a method of applying a finish rolling while each of the finish rolling temperatures of the three portions, namely 
a 1/4 flange portion, a fillet portion and a 1/2 web portion, is in the range from 650°C to 860°C. 



50 



A method of producing a roiled H-section having uniform microstructures and uniform mechanical properties ac- 
cording to claim 3 or 4, characterized in that the production is carried out by further applying either one of the 
following two processes or the combination thereof: 

1) a process group wherein the process of cooling a flange to a surface layer temperature of 750°C or lower 
by cooling the flange with water between the passes of reverse rolling in an intermediate rolling process and 
rolling the material during the course of heat recuperation between the passes of said reverse rolling is applied 
once or more times, and 
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2) a process of applying an accelerated cooling with water at an average cooling rate of 0.5 to 10°C/sec. in 
the period of time after the completion of rolling in the finish roiling process until a temperature reaches 500°C 
(here, if the process 2) is not included, natural cooling is adopted down to 500°C after the completion of the 
rolling). 
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Fig.1 
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Fig.2 



ROLLING PATTERN 2 




ROLLING PATTERN 1 



* LARGER MARKS DESIGNATE VALUES 
OBTAINED AFTER ROLLING WITH A 
REDUCTION RATIO OF 209* OR 
MORE AND RECR YST ALLI ZATION 



900 950 1000 1050 * 1100 1150 

ROLLING TEMPERATURE { t } 



24 



EP 1 281 777 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/02931 



CLASSIFICATION OF SUBJECT MATTER 

Int.Cl 7 C21D 8/00, B21B 1/08, C22C 38/00, 38/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int.Cl 7 C21D 8/00-8/10, C22C 38/00-38/60, B21B 1/00-3/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shi nan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shi nan Toroku Koho 1996-2001 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BB RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of tee relevant passages 



Relevant to claim No. 



X 



JP, 9-137218, A (KawasaXi Steel Corporation), 
27 May, 1997 (27.05.97), 
Claims (Family: none) 

EP, 60 9556, A2 (Nippon Steel Corporation) , 
10 August, 1994 (10.08.94), 

Claims; page 3, lines 45 to 55; page 4, lines 40 to 44 
& JP, 6-228634, A & CA, 2102545, A 
& US, 5738739, A & KR, 9701407, Bl 

Gc DE, 69327091, E 

JP, 53-57116, A (Nippon Steel Corporation), 
24 May, 1978 (24.05.78), 
Claims (Family; none) 



1,2,4,5 
3 



j | Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents*. 

"A" document defining the general state of the art which is not 

considered to be of particular relevance. 
"E* earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority ctaim(s) or which is 
cited to establoh the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 



"P" document published prior to the international filing date but later 
than Are priority date chimed 



later document published after the interoatioaal filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a peison skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
03 July, 2001 (03.07.01) 



Date of mailing of the international search report 
10 July, 2001 (10.07.01) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (Jury 1992) 



25 



